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On June 25, 2000, I appointed a Type A Accident Investigation Board to investigate the
June 21, 2001, Drilling Rig Operator injury at the FERMI National Accelerator
Laboratory. The Board’s responsibilities have been completed with respect to this
investigation. The analysis, identification of contributing and root causes, and Judgments

of Need reached during the investigation were performed in accordance with DOE Order
225.1A, Accident Investigations.

I accept the report of the Board and authorize release of this report for general
distribution.

‘S‘(;__—- vV .C/M (|0 (
Steven V. Cary ' Date
Acting Assistant Secretary

Environment, Safety and Health

This report is an independent product of the Type A Accident Investigation Board
appointed by Steven V. Cary, Acting Assistant Secretary, Environment, Safety and
Health, U.S. Department of Energy.

The Board was appointed to perform a Type A investigation of this accident and to

prepare an investigation report in accordance with DOE Order 225.1A, Accident
Investigations.

The discussion of facts, as determined by the Board, and the views expressed in the
report do not assume and are not intended to establish the existence of any duty at law on
the part of the U.S. Government, its employees or agents, contractors, their employees or
agents, or subcontractors at any tier, or any other party.

This report neither determines nor implies liability.




Executive Summary

The Accident

On June 21, 2001, at approximately 9:40 A.M.
a construction sub-tier contractor employee (th
“Operator”) at the Fermi National Accelerator
Laboratory (Fermilab) received serious head injurigs
requiring hospitalization when he was struck by pa
of the drilling rig (a “tong”) that he was operating.
The equipment involved in the accident, known al
a tong, was a 32-inch steel bar with a handl
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essentially used as a pipe wrench to connect apd

disconnect drill pipe. The accident occurred when
a welded connection in the hydraulic system use
to apply force to the tong failed, as the two-mai
crew was removing lower sections of the drill
assembly. The drill rig Helper indicated that, at the
time of weld failure, the Operator was standing with
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his head near the tong and operating the hydraulic

cylinder to disconnect a drill section joint. Based
on an analysis of the evidence, the Board concludg
that the weld failure released tension on a wire rog
sling attached to the tong; the tong recoiled towar
the Operator and struck him in the head. Failun
of the weld was determined to be the direct caus
of the accident. The Operator remained hospitalize
until July 9, 2001.

On June 25, 2001, the Acting Assistant Secre
tary for Environment, Safety and Health, U.S
Department of Energy (DOE), upon the recomt
mendation of the DOE Chicago Operations Office,
appointed a Type A Accident Investigation Board

D O

to analyze causal factors, identify root causes, and

determine judgments of need to preclude similg
accidents in the future. The Board arrived on sit
two days later and completed the investigation i
July 2001.
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Background

Fermilab is the nation’s largest particle
accelerator laboratory and lies 30 miles west @
Chicago, lllinois. Fermilab operates under the
programmatic direction of the DOE Headquarters
Office of Science. The DOE Fermi Area Office,
under the DOE Chicago Operations Office

—h

174

%
o

[eRN0)]

oversees site contractor activities. University
Research Associates, Inc., a consortium of
universities, manages and operates the site for DOE.

The injured Operator was an employee of the
Layne-Western Company of Aurora, lllinois. The
injury occurred at the Neutrinos at the Main Injector
Project, whose construction includes tunnel boring
and shaft drilling activities. Fermilab employed
the S. A. Healy Company of Lombard, lllinois, to
perform this underground construction work. S. A.
Healy subcontracted with Layne-Western to drill
six holes for air ventilation and survey risers. The
Layne-Western crew was working on the fifth shaft
at the time of the accident using a drilling rig that
was manufactured in 1969.

On March 2, 1999, the drilling crew performed
an “in-field” welding activity to repair a failure of
the eyebolt-to-piston rod connection. The weld
attached the eyebolt to the hydraulic cylinder piston
rod that was used to apply force to the tong. Before
the repair, the eyebolt apparently threaded directly
into the end of the piston rod, and this threaded
connection had evidently failed. At the time of the
accident, one end of the wire rope sling was
attached to the eyebolt by a shackle, and the other
end was connected to the tong. The Board
requested the record of this equipment maodification,
but Layne-Western could not produce it. The only
documentation consisted of a brief entry in a daily
drilling log, and the injured Operator, who had
performed the weld repair in 1999, was the only
person with first-hand knowledge of this work. The
injured Operator declined to be interviewed by the
Board.

Results and Analysis

The accident resulted from a number of
deficiencies in the execution of specific activities
and in the implementation of a series of management
systems and related processes. These weaknesses
involved all elements of the line organization,
including the Office of Science, Chicago Operations
Office, the Fermi Area Office, Fermilab, S.A. Healy,
and Layne-Western.




In terms of weaknesses in executing specifig
activities, the injured Operator, who was not formall
trained or qualified to make structural welds, performed
a “field” weld repair to the eyebolt and piston rod
connection in 1999. An independent engineering

request of the Board, indicated that the weld was @
uncertain quality and likely failed due to either meta

from unusually high stress at the time of failure
Evaluation also showed that three cracks in the end

the weld was equivalent in strength to the thread
connection it apparently replaced. In addition, the
Operator stood with his head in close proximity to the
tong while it was under tension from the hydraulig
system. Widely available drilling industry guidance
identifies this practice as unsafe. If a hazard analysjs
which addressed all job tasks and identified all controls
had been performed, this unsafe work practice would
have been recognized and the injury would have been
prevented.

In terms of weaknesses in management systems
and processes, the DOE Chicago Operations Office
the Fermi Area Office, and Fermilab did not effectivel
implement and ensure flowdown of the integrated safe
management system framework to constructio
subcontractors and sub-tier contractors. These
organizations did not use contracting, procurement, and
project management mechanisms to consistently convey
and enforce safety and health expectations to the
construction subcontractor and sub-tier contractof.
These weaknesses enabled key individuals to perfo
functions for which they were not qualified and allowed
the construction workforce to perform activities without
being held accountable for strict compliance wit
requirements.

Fermilab did not establish and implement processes
to translate safety and health requirements intp
subcontractor procedures and did not tailor the existing
systems for managing subcontractor construction safety
to address sub-tier contractors. Controls were n
established to assure that sub-tier contractors wefe
adequately prepared to work safely before authorizing
the start of work. These weaknesses enabled drilling
to commence in September 2000 without formal
authorization and resulted in neither Fermilab no
S.A. Healy enforcing contract requirements mandating
development of a hazard analysis for drilling work.

The Fermi Area Office and Fermilab did not
effectively communicate roles, responsibilities, and clear
lines of authority to ensure the adequate protection of
all workers, including construction subcontractors and
sub-tier contractors. The Fermi Area Office conducted
only two inspections at the drill site prior to the accident,
focusing narrowly on environmental issues. Fermilab
incorrectly believed that only S.A. Healy was required
to review sub-tier contractor safety programs, and
Fermilab neither conducted such reviews nor assured
that S.A. Healy did. S.A. Healy did not require Layne-
Western drilling personnel to conduct a hazard analysis
and none was performed until June 2001.

The Fermi Area Office and Fermilab did not ensure
that the construction subcontractor and sub-tier
contractors had systems in place to train employees in
hazard recognition and mitigation. Fermilab and S.A.
Healy did not ensure that the Layne-Western personnel
were adequately trained and qualified to perform work.
Layne-Western personnel were not trained in the
Fermilab hazard analysis process before starting work;
did not participate in the June 9, 2001, safety stand-
down training (which included hazards analysis
training); and did not receive sitewide safety orientation.

The Fermilab hazard analysis system could not be
effectively applied to task-specific hazards for
construction subcontractors and sub-tier contractors.
The Fermilab hazard analysis process did not provide
clear guidance for evaluating task-specific hazards. The
S.A. Healy hazards analysis process was not used; even
if used, this process would not have resulted in an
adequate hazards analysis because of its lack of
specificity and rigor. Layne-Western did not provide a
hazard analysis plan before commencing drilling
operations, and the only hazards analysis that was
conducted (June 2001) did not comprehensively
address drilling hazards to which personnel were
exposed. The Board identified this weakness (absence
of task-specific hazards analysis) as the root cause of
the accident and considered that an effective hazard
analysis system would have identified and corrected
the unsafe work practice concerning the Operator’s
location and could have drawn attention to the overall
substandard condition of the drill rig and the related
equipment.

During the investigation, the site provided
construction injury rate data to the Board indicating
that, for a 750-day period between August 1998 and
September 2000, Fermilab experienced no lost-workday
cases. However, the Board identified that a
subcontractor pipe fitter dislocated his shoulder on
November 11, 1998, which resulted in six lost workdays.




In addition, for six months during 1999, no fixed-price
construction work was performed by subcontractor
or sub-tier contractors, thus significantly lowering th
possibility that lost workday cases would have bee
experienced.

Finally, the Fermi Area Office and Fermilab
oversight programs did not identify fundamental
weaknesses in construction subcontractor and sub-tier
contractor safety and health programs. The Fermi Arga
Office and Fermilab did not adequately analyze prio
construction occurrences to identify and correct rogt

causes and systemic weaknesses underlying these events.and Health Administration.

Causal factors present in the two personnel injury events
that led to project safety stand-downs in June 2001
were also contributors to the drilling rig accident, a
were causal factors identified by two Type B accide
investigations in 1997 and 1998. Recurring deficiencigs
from prior occurrence reports involving worker injuries
at the construction site indicated that weaknesses
persisted in work planning, hazard analysis, and work
controls. Fermilab had not conducted a safety inspection
of the Layne-Western equipment upon arrival at th
Fermilab site. Work site safety inspections were ngt
rigorous, formal, or documented. After the acciden
the Board identified numerous safety deficiencies at
the job site, including some potential imminent-danger
situations, none of which had been identified by lin
management or oversight personnel.

Conclusions

The Accident Investigation Board concluded tha
this accident was preventable. The Board identifie
significant weaknesses in the site’s implementation qgf

integrated safety management policy as it related to
the sub-tier contractor performing drilling activities.
Weaknesses in translating safety and health requirements
into operating procedures, implementing hazard analysis
processes and associated controls, authorizing work,
personnel training, and performing line oversight
impacted the effectiveness of construction worker safety
and health protection.

Fermilab did not ensure that the drilling sub-tier
contractor met basic requirements imposed by the
Department, the site, and the U.S. Occupational Safety
Although Fermilab
experienced a series of construction safety events with
similar systemic causes prior to the accident and
instituted two safety stand-downs in the weeks before
the event, a lack of rigorous causal analysis prevented
identification of lessons learned and systemic
weaknesses, and implementation of effective corrective
actions. The hazard analysis program in place at the
time of the accident had not evaluated specific hazards
associated with the drilling operation, Fermilab had not
enforced the requirement for preparing such a task-
specific hazard analysis, and line oversight of the drilling
operation had not identified the absence of such a hazard
analysis.

The DOE Chicago Operations Office, the Fermi
Area Office, and Fermilab need to intensify their efforts
and commitment to ensure that all the elements
associated with integrated safety management are
promptly and effectively addressed for all construction
subcontractors and sub-tier contractors to prevent
additional accidents at the Neutrinos at the Main Injector
Project and at other Fermilab construction sites.




Table ES-1. Causal Factors and Judgments of Need

Causal Factors

Judgments of Need

Fermilab failed to implement a hazard analysis process
was effectively applied to task-specific hazards f
construction subcontractors and sub-tier contractors.

thatermilab needs to improve the existing hazards ana
or process in Fermilab Environment, Safety and Health Ma

7010 by developing instructions and guidance to en
that it applies to sub-tier construction contractors at
work activity level.

Fermilab needs to implement a revised hazards ana
process such that:

Detailed procedures are established to formalize
process for conducting task-level job-specific haz
analyses (job hazard analyses).

Personnel are trained on the task-level hazard ang
processes to ensure implementation by all assig
persons.

The process is revised to ensure that all w
operations at Fermilab are subjected to formal

effective hazard analyses. This would include
potentially hazardous operations planned

subcontractors and sub-tier contractors.

The process is revised to ensure that hazard anal
involve both the appropriate technical expertise
workers, and receive appropriate review and appr
before work begins.
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The Fermi Area Office and Fermilab failed to adequat
analyze prior occurrences to identify and correct rq
causes and systemic weaknesses underlying these eV

lyFermilab needs to ensure that root and contributing cau

Offrom incidents and occurrences are thoroughly evalu

enigainst integrated safety management core functions

guiding principles, and that resulting lessons learned
disseminated and communicated to all appropr
personnel. Additionally, Fermilab needs to conduct follg
up reviews to ensure that the information is used to imp
the level of safety at the site.

Fermilab needs to ensure that incidents and occurreng
Fermilab are reported through the appropriate D
reporting systems (i.e., the Computerized Accident/Incig
Reporting System and the Occurrence Reporting

Processing System), evaluated, analyzed, and trend
ensure that systemic weaknesses are identified
corrected in a timely manner.

The Fermi Area Office needs to revise its process
validating closure and effectiveness of corrective actid
Additionally, FAO needs to conduct follow-up reviews
ensure that corrective actions are effectively implemen
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Table ES-1. Causal Factors and Judgments of Need (Continued)

Causal Factors

Judgments of Need

The Chicago Operations Office Manager needs to dey
and implement a process to provide assurance that effg
corrective actions are implemented, and establish a me
to obtain feedback on corrective actions taken.

elop
ctive
thod

Fermilab failed to establish and implement processe
translate safety and health requirements into subcontrg
procedures. Fermilab did not establish controls to ass
that sub-tier contractors were adequately prepared to
safely before authorizing the start of work.

Fermilab failed to tailor the system for managin
subcontractor construction safety to address sub-
contractors.

5 tBermilab needs to establish and implement a proce
ctensure that all safety and health requirements flow dow
sUreUbcontractors and sub-tier contractors such that:

tiey

0K Procedures are adopted by subcontractors and su
contractors that are tailored for the specific roles
responsibilities for each contracting organization.
g

and health requirements are properly implemente

Improved controls are established to assure
subcontractors and sub-tier contractors are adequ
prepared to work safely before authorization to s
work is issued.

The FAO needs to ensure that Fermilab establishes
implements processes to verify and validate that safety
health requirements are translated into subcontracto
sub-tier contractor procedures.

The Chicago Operations Office Manager needs to vali
the processes and procedures used by FAO and Fer
to verify that work controls are established a
implemented before the start of work.
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DOE and Fermilab oversight programs failed to ident
fundamental weaknesses in construction subcontractor
sub-tier contractor safety and health programs.

fy Fermilab needs to ensure that a program is establishe

anghplemented for comprehensive environment, safety,
health oversight of all construction subcontractor and ¢
tier contractor work operations.

The FAO needs to ensure that oversight of Fermila

effectively performed as specified in DOE Policy 450.

Line Environment, Safety and Health Oversight

The Chicago Operations Office Manager needs to en
that line management and independent oversight are
performed and are effective as specified by DOE Po
450.5,Line Environment, Safety and Health Oversig
and DOE Order 414.1/&uality Assurance
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The Office of Science needs to ensure that formal

corrective actions are developed and implemented
ES&H issues resulting from programmatic and techn
reviews of the NuMI Project.
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Table ES-1. Causal Factors and Judgments of Need (Continued)

Causal Factors

Judgments of Need

The Office of Science needs to implement the requirem
established in the Office of Science Functiol
Responsibilities, and Authorities Manual for measuring
ES&H oversight effectiveness of the Chicago Operati
Office.

ents
NS,
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pns

Fermilab failed to effectively communicate role
responsibilities, and clear lines of authority to ens
adequate protection of all workers, including construct
subcontractors and sub-tier contractors.

s, Fermilab needs to establish and implement a formal
Uresafety management system with clearly defined ro
orresponsibilities, and authorities when multip
organizations, subcontractors, and/or sub-tier contrag
are involved in a construction project.

zed
les,
le
tors

Fermilab failed to ensure that the constructi
subcontractor and sub-tier contractors had systems in |
to train employees in recognition and mitigation
operational hazards.

pnFermilab needs to strengthen the training and compet
llacd all workers, managers, engineers, and saf
of professionals responsible for construction safety.

Fermilab needs to establish processes to assure that I

requirements (Occupational Safety and Health, DOE,
industry standards).
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recognition and training are in compliance with applicable

and

Chicago Operations Office and Fermilab failed
effectively utilize contracting, procurement, and proje
management mechanisms to consistently convey, ove
and enforce safety and health expectations to
subcontractor and sub-tier contractors.

to The Chicago Operations Office and Fermilab need to re

2ctcontracting, procurement, and project managem

rsgaocesses to ensure that safety and health requirern

thassociated with construction operations (by subcontrg
and sub-tier contractors) are clearly conveyed.

vise
ent
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ctor

Chicago Operations Office and Fermilab failed to prope
implement and ensure the flowdown of the integrated sg
management framework to subcontractors and sub
contractors.

riyFermilab needs to strengthen implementation of
fetintegrated safety management core functions to assur
-tieall potentially hazardous work and operations are subje
to effective, formal, and documented hazard analysis.

Fermilab needs to establish and implement a proce
ensure that the framework of ISM flows down to
subcontractor and sub-tier contractors.

The Chicago Operations Office Manager needs to en
that the Fermilab process for flowdown of the IS
framework to subcontractors and sub-tier contractot
effective.
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Introduction

1.1 Bac kg round Board of Trustees maintains fiduciary responsibility
for the corporation.
On June 21, 2001, at approximately 9:40 A.M. Figure 1-1 displays the organizational

a construction subcontractor employee (referred to ~ rélationships between Fermilab and the Neutrinos
as the Operator) operating a drilling rig at the Fernfi &t the Main Injector (NuMI) construction project,
National Accelerator Laboratory (Fermilab) received ~ Where the accident occurred. (This organizational
serious head injuries that required hospitalization ~chartwas provided to the Board by Fermilab during
when he was struck by part of the drilling rig. the in-briefing meeting on June 27, 2001.) The
On June 25, 2001, the Acting Assistant NuMI Project included excavating a series of
Secretary for Environment, Safety and Health, U.S. tL_mneIs and_experimental halls beneath the Fermilab
Department of Energy (DOE), upon the site, oper'c_mons known as the NuMI 'I_'unnels and
recommendation of the DOE Chicago Operations ~ Halls Project. The NuMI Project will support
Office, appointed a Type A Accident Investigation advanced physics experiments utilizing a n_eutrlno
Board to investigate this accident in accordance with  ©&am that would enter a detector at Fermilab and

O

DOE Order 225.1AAccident InvestigationsA pass through the earth to another detector located
copy of the appointment memorandum appears in N northern Minnesota.
Appendix A. The lead subcontractor for the NuMI Tunnels

and Halls Project was the S. A. Healy Company of
Lombard, lIllinois, a tunneling and heavy
construction contractor. Layne-Western, a division
of the Layne Christensen Company of Mission
Woods, Kansas, a well drilling company and a
S. A. Healy subcontractor, provided services for
drilling exhaust air ventilation (EAV) and survey
riser shafts from the surface to the underground
tunnel. The injured Operator was a Layne-Western
employee.

Early in the NuMI Project, Fermilab identified
the need to augment its staff with persons having
underground construction experience. In October
1999, Fermilab contracted with Harza Engineering
to provide three individuals with underground
construction experience to serve as construction
coordinators. Under this contract, Harza employees
would be supervised by Fermilab and would
monitor, but not manage, S. A. Healy; nonetheless,
they were assigned to direct certain aspects of the
work. Fermilab subsequently increased the number
of Harza construction coordinators to four. Harza
also provided a safety consultant to conduct safety
audits.

The NuMI Project Management Plan specified
that construction work would be performed in
compliance with standards contained in the Fermilab
Environment, Safety, and Health (ES&H) Manual
(FESHM) and all applicable ES&H standards in

1.2 Facility Description

Fermilab occupies approximately 6,800 acres
of DOE property 30 miles west of Chicago, lllinois.
Fermilab was established in 1968 by the U. S.
Atomic Energy Commission. The site includes ovef
300 buildings, such as laboratories, shops, and
assembly bays, along with particle accelerators and
detector enclosures.

As the largest particle physics laboratory in the
United States, Fermilab operates particlé
accelerators used in investigating the fundamental
properties of matter, space, and time. Fermilab’s
other operations include superconducting magnet
research, design, and development; detector
development and operation; and high performance
computing and networking. Some 2,500 physicists
from around the world utilize Fermilab facilities for
their research. Fermilab is open to the public andja
typical day will find university students visiting the
site.

Fermilab operates under the programmati¢
direction of the DOE Office of Science. The DOE
Fermi Area Office (FAO) of the DOE Chicago
Operations Office manages the site contractor
operations. Universities Research Association, Incf,
a consortium of universities, is the site contractof
that manages and operates Fermilab for DOE. A
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Figure 1-1. Organizational Chart

the laboratory’s work smart standards. In addition, all
related work was to be performed in compliance with

applicable Federal, state, and local regulations. |n

October 1999, the DOE Chicago Operations Offic
verified that Fermilab had implemented the DOE

D

integrated safety management (ISM) system, and that

ISM policies were reflected in the site ES&H Manual.

1.3 Scope, Purpose, and
Methodology

The Type A Accident Investigation Board begari

) | [CFHAL Resonnel |
|
| e e Terane] Subodniracior

Related to the NuMI Project

The Board conducted its investigation using the
following methodology:

« Inspecting and photographing the accident scene and
individual items of evidence related to the accident

« Performing a limited engineering evaluation of the
failed components

« Gathering facts through interviews, document and
evidence reviews, and walk-downs of the area

« Reviewing emergency and medical response

its onsite investigation on June 27, 2001; completed the operations
onsite phase of its investigation on July 20, 2001; and
SEl;]t\)/?r]cI)tr:(rar(\jerl:ts rSeapfgtrt Z’néhﬁ' :;tshlsta_lrnr;[essecci)re;ag Iﬁg « Analyzing facts and identifying causal factors through
L. T y N P events and causal factors charting and analysis, barrier
Board'’s investigation was to review and analyze the
[

circumstances of the accident to determine its causes
accordance with DOE Order 225.1A. The purposes 0
this investigation were to analyze causal factors, identif
root causes and determine judgments of need to prev
recurrence of similar accidents at Fermilab and acro
the DOE complex.

Ur—(D

<

analysis, and change analysis

=

« Developing judgments of need for corrective actions
to prevent recurrence based on analysis of the
information gathered.




Accident Investigation Terminology

A causal factoris an event or condition in the accident sequence that produces or contributes to the occur
the accident. There are three types of causal factors:
(1) Direct causethe immediate event(s) or condition(s) that caused the accident

rence of

(2) Root cause(sthe causal factor(s) that, if corrected, would prevent recurrence of the same accident or

similar accidents

(3) Contributing causedactors that collectively with other causes increase the likelihood of an accident, but

that individually did not cause the accident.

Events and causal factors analysisicludes charting, which depicts the logical sequence of events and conditions
(causal factors) that allowed the event to occur, and the use of deductive reasoning to determine gvents or

conditions that contributed to the accident.

Barrier analysis reviews hazards, the targets (people or objects) of the hazards, and the controls or barr
management systems put in place to separate the hazards from the targets. Barriers may be physica
equipment design or protective clothing, or elements of management, such as training and supervision.

Change analysids a systematic approach that examines planned or unplanned changes in a system tha
undesirable results related to the accident.

ers that
al, such as

it caused




The Accident

2.1 Background and
Accident Description

2.1.1 Accident Overview

On the morning of June 21, 2001, two 5
Layne-Western employees, the drill rig
Operator and a Helper, were conductin
drilling operations at Fermilab. The accider]
occurred at approximately 9:40 A.M., a
the drill crew was attempting to disconne¢tsss
drill pipe sections. An equipment failure &
occurred during disconnecting (breaking

drill pipe sections as they were bein
removed from the shaft. A hydraulic
system (hydraulic ram, piston rod, wire rope sling

shackle, and eyebolt) was being used to apply for¢e

to a tong, effectively a large pipe wrench, whe
the equipment failed. The threaded eyebolt, whic

served as the point of connection to the piston rodl,

disengaged, releasing the hydraulic force an

resulting in an instantaneous release of energy

stored within the drill pipe. The unrestrained ton
and tong handle rotated, striking the Operator o
the right side of his head, just below his hard hat.

JExhibit 2-1. Drilling Site Where the Accident Occurred

* The construction contractor’s corporate safety
philosophy

» Experience modification rates for the previous
three years

* Occupational Safety and Health Administration
(OSHA) 200 logs for the previous three years

It was the Board’s assessment that the tong, rg
than the eyebolt and shackle assembly, struck |

Operator; this conclusion differs form the Helpe = =&

verbal report immediately following the accide
and is based upon the Board’s engineering anal
interview statements, and a subsequent job
walkdown.

Exhibit 2-1 shows the location of the drillin
site. Exhibit 2-2 shows the drill rig operating stat
where the Operator was standing when the in
occurred. Figure 2-1 shows the eyebolt conneg
to the piston rod.

2.1.2 Background

Fermilab pre-qualified construction contract
to bid on the NuMI Tunnels and Halls Project, _
July 1999. The pre-qualification process used
following “Safety and Health Program Criteria”

screen construction contractors to bid on the Nt

Normal path of
wire rope sling

L]

Rotary table

A .
_-_“"'n

L

Project:

Exhibit 2-2. Drill Rig Where the Injury Occurred




PISTON ROD
WELD WHICH FAILED

ANCHOR SHACKLE

EYEBOLT SHOWN REMOVED
FROM PISTON ROD

Note that after weld failure, the threads of the
eyebolt would fit into the end of the rod, which was
distorted with three visible longitudinal cracks,
without thread engagement. Each crack showed
evidence of previous weld repair on the outside
surface of the piston rod.

Eyebolt: thread length = 1*, diameter = 0.825,
damaged threads

Piston rod: internal thread depth of rod = 2.5,
Inside diameter = 0.833, threads did not appear
damaged

* Measurements are in inches
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Figure 2-1. Piston Rod End Fixture

» Tota number of hours worked by employees for
each of thelast threeyears

* Resumes of two to four safety professionals who
are current employees of the company.

Fermilab evaluated the“ Safety and Hedlth Program
Criteria’ to ensure that each construction contractor
had devel oped and implemented a corporate safety plan
and that the contractor had achieved the following:

Experience modification rate lessthan 1.0

Recordable injury case rate less than or equd to
9.5

Lost workday case rate less than or equa to 4.4.

Fermilab evaluated 13 construction contractors and
gualified 10 to receive a Request For Proposal
solicitation package. Criteria for evaluating each
construction contractor’s proposal were based on a
weighted average considering 70 percent cost,
15 percent project schedule, 10 percent onsite personnel
resources, and five percent onsite equi pment resources.
After thispoint, contractor safety and health programs
and safety recordswere no longer considerationsinthe
selection of the construction contractor for the NuMI
Project.

Fermilab awarded the NuMI Tunnels and Halls
contract to S. A. Healy, which had the lowest cost and

the highest technical rating. When S. A. Healy began
operations, a single full-time safety professiona was
on staff at the site. S. A. Healy supplemented the
safety professional with apart-time consultant and later
added two additiona full-time safety personnel to their
staff.

Fermilab issued a Notice to Proceed on March 6,
2000, and construction started shortly thereafter. On
September 13, 2000, S. A. Healy subcontracted with
Layne-Westernto drill EAV and survey riser shaftsfor
the NuMI Tunnelsand Halls Project. A pre-quaifying
process was not followed when S.A. Healy awarded
the subcontract to Layne-Western. In addition, Fermilab
did not review the past safety performance of Layne-
Western before awarding the drilling contract.

On September 25, 2000, Layne-Western began
drilling thefirst of four EAV shafts and two survey riser
shafts. These shaftsranged from 18 inchesto 25 inches
in rough diameter, with depths varying from
approximately 100 feet to approximately 350 feet based
on thetunnel’slocation. The accident occurred during
drilling of EAV-2. Thisjob stelieson the north sde of
Giese Road and west of, and adjacent to, Indian Creek,
as shown in Exhibit 2-1.

The drilling rig involved in the accident was built
by Gardner-Denver in 1969 and was mounted on a
heavy truck bed for Layne-Western. Layne-Western
had used the rig on various drilling projects since 1969.

The Board determined that at |east two equipment
modifications were made after the drill rig was built
that are relevant to the accident. In the early 1970s,
the hydraulic breaking mechanism was installed to
replace amanual breakout wrench used to loosen and
tighten thedrill pipe section joints. In 1999, the eyebolt-
piston rod connection involved in the accident failed.
Anentry inaLayne-Western Daily Drilling report dated
March 2, 1999, stated “Broke eyebolt on end of
hyd[raulic] ramfor bregking but we[were] abletoweld
itup.” TheDaily Drilling report indicated that the drilling
crew performed thisrepair in thefield.

On April 20, 2001, representatives of the U. S.
Department of Agricultureinspected the EAV-2/EAV-3
job gite, acting on behalf of the U. S. Army Corps of
Engineers in connection with the Fermilab wetlands
permit, and requested that drilling operations be
suspended until environmental improvements related
to the work could be made. Layne-Western resumed
work at the site on April 30, 2001, after S. A. Hedly
made necessary improvements, and after receiving
verbal restart authorization fromthe U. S. Department
of Agriculture. The Layne-Western crew began drilling

EAV-2 on May 4, 2001.



hardware.

The accident resulted from the failure of the weld
connecting the wire rope to the hydraulic cylinder used in making
and breaking threaded drill pipe section joints. Torsion is
applied to the joints by mechanical tongs (in effect, pipe
wrenches) that grip the outer diameter of the drill pipe section.
One of the tongs is braced against a drill rig stop pin, while the training.
other tong is operated (i.e., pulled) by a mechanical force
supplied by the hydraulic cylinder. This force is transmitted
through a wire rope sling connected with miscellaneous

and orientation of the NuMI Tunnels and Halls
Project workforce on safety policies and
procedures, along with techniques of hazard
analysis, the Layne-Western drilling crew was
not asked to participate in the stand-downs, nor
did they receive the related hazard analysis

On June 15, 2001, the Fermilab Director
ordered an investigation into S. A. Healy’s
safety performance and safety management.
The Fermilab investigation was under way when
the drilling rig injury involving the Layne-Western
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employee occurred, and was completed on
July 2,2001.

On the morning of June 21, 2001, two
NuMI construction coordinators visited the
EAV-2/EAV-3 job site, but did not document
any safety deficiencies.

When the accident occurred, the two-
person crew, composed of the Operator and the
Helper, was removing the second of six 20-foot
drill collars from the EAV-2 shaft. A drill collar
is a length of heavy pipe placed immediately
above the drill bit to provide concentrated weight
to enable the bit to drill properly, and to produce

a vertical hole. Each collar was approximately

On May 25, 2001, the Operator performed a safety
inspection of the drilling rig, related equipment, and the
EAV-2/EAV-3 job site. Although the inspection record
completed by the Operator was incomplete, completed
portions of the record did not identify safety deficiencies
requiring corrective action. Between May 4, 2001, and
June 21, 2001, a number of cognizant FAO, Fermilab,
and S. A. Healy safety personnel visited the job site,
but did not document any safety deficiencies.

On June 9, 2001, S. A. Healy instituted a safety
stand-down on the NuMI Tunnels and Halls Project
construction work following a rigging/material handling
accident in which an S. A. Healy employee was struck
by a suspended load. S. A. Healy used the stand-down
to conduct pre-planned safety training. Work resumed
on June 10, 2001.

On June 13, Fermilab and S. A. Healy jointly
instituted another safety stand-down on the NuMI
Tunnels and Halls Project construction work, following
the injury of two S. A. Healy employees in another
materials handling accident. This second accident
occurred when rigging for a suspended load failed,
causing the load to strike a man-lift in which the two
employees were positioned. Work resumed on June 15.
Although these safety stand-downs included training

six inches in diameter, and the entire drill
assembly at maximum depth weighed
approximately 15,000 pounds. A chronology of events
related to the accident appears in Appendix B.

2.1.3 Accident Description

The accident occurred when the welded connection
between the eyebolt and the hydraulic cylinder piston
rod failed during operation. This event released tension
on the wire rope sling connecting the eyebolt to the
upper tong. The sling, with the shackle and eyebolt
attached, sprang back toward the end of the drilling rig
where the Operator and his Helper were standing.

The release of tension on the sling, coupled with
the torsion on the drill collars, caused the tong to recoil
toward the Operator. The tong, which was 32 inches
long, made of forged steel, and weighed approximately
150 pounds, struck the Operator on the right side of his
head, just below the rim of his hard hat.

After the accident, the Helper demonstrated the
Operator’s position to the Board, indicating that the
Operator was leaning in towards the tong while
operating the lever controlling pressure to the hydraulic
cylinder with his left hand. This body position would
have placed the Operator’s head at the approximate
elevation of the tong handle.




The Helper stated that he thought the shackle and
eyebolt struck the Operator. However, the Board’s
engineering evaluation indicated that the tong most
likely struck the Operator. The Operator declined to
be interviewed by the Board. The Board concluded
that a blow to the Operator’s head by the recoiling
tong handle was the most credible injury scenario.

On June 21, 2001, shortly following the accident,
Fermilab issued a stop-work order for the NuMI
Tunnels and Halls construction project, halting all drilling
operations by Layne-Western and all S. A. Healy work.
On June 28,2001, Fermilab authorized a phased restart
of work on the project.

2.1.4 Engineering Evaluation of the
Failed Components

The Board conducted a limited engineering
evaluation on the failed components using an
independent offsite laboratory. Attorneys representing
Layne-Western would not allow destructive tests to be
performed.

The evaluation considered the condition of the
eyebolt after the accident, and the condition of the end
of the piston rod, as shown in Exhibit 2-3. It included
detailed visual inspection, measurements, hardness
testing, and engineering analyses. Visual inspection
disclosed three longitudinal cracks in the threaded end
of the piston rod, one of which is visible in Exhibit 2-3.
The threaded portion of the eyebolt was considerably
deformed, as can be seen in Exhibit 2-3.

Examination of the eyebolt and piston rod following
the accident revealed that these components separated
when a weld that held them together failed. The
threaded portion of the eyebolt had been inserted into
the threaded socket in the end of the piston rod, but
there was apparently little or no thread engagement due
to expansion of the socket diameter. This expansion
was attributed to through-wall cracks in the socket and
to possible distortion due to weld repairs of previous
cracks. The load on the connection was apparently
supported entirely by a circumferential weld that joined
the shoulder of the eyebolt to the end of the piston rod.
The weld failed either because of cracks that developed
due to fatigue related to repetitive loading or because of
unusually high stress at the time of failure.

2.2 Emergency Response and
Medical Treatment

Emergency response to the accident consisted of
(1) the initial emergency medical response operations
at the scene, (2) the transport of the injured Operator
to the hospital, and (3) the medical care provided at the
hospital.

When the Operator was struck on the right side of
his head, he fell onto the wooden platform that served
as the operating deck. The Helper, who was also
standing on the platform but to the right of and behind
the Operator, provided immediate aid by laying him
down on the wooden pallets to the left of and adjacent
to the drill rig and then went to call for emergency
assistance.

As the Helper was en route to obtain a cellular
telephone available at the job site to call for assistance,
he saw a Fermilab employee driving by the job site.
The Helper flagged down the Fermilab employee, who

Exhibit 2-3. Eyebolt That Was Connected to the Piston Rod (Left) and the End of the Piston Rod After the Accident (Right)




Engineering Evaluation Supporting the Conclusion
That the Operator Was Most Likely Struck by the Tong

Although the Helper stated that he thought the Operator was struck by the shackle and eyebolt, it d
appear that there is a high probability that this happened. The motion of the wire rope would have be
rapid and ultimately could have resulted in the attached shackle and eyebolt being located near the
Operator. However, the structural configuration of the rig and the fact that the Helper was not injurg
principal reasons for not supporting this assertion.

e The assumed path of the broken shackle and eyebolt through the mast structure to the injured G
was not a straight line. To reach the Operator, the shackle and eyebolt would need to “turn the (¢
at the roller and somehow miss the Helper, who was reported to be standing on the corner of t
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platform. If the Operator had been hit by the shackle and eyebolt, the shackle, eyebolt and wite rope

would also have struck, or wrapped around, the Helper. As shown in the accompanying sket
Helper would have had to be out of the “line of flight” of the wire rope.

ch, the

» Instantaneous release of tension by the weld failure would have caused the shackle, eyebolt and wire

rope to fly toward the roller — much like a rubber band. lIts straight-line motion could have helpe
shackle, eyebolt and 8 feet of wire rope pass through the mast structure and confining passages
the rope extended behind the drill platform. However, this initial rope movement should have re
in injury to the Helper if he was standing in the “line of flight zone.”

» Combined with the clockwise rotation of the tong handle, this tension release would have jerkg
wire rope end (attached to the tong handle) toward the Operator’s location while he was operat
hydraulic controls. This jerk (approximately 2 or 3 feet of tong handle movement) could have
pelled the other rope end and shackle and eyebolt within the “line of flight zone” and toward the
handle. Again, itis unclear how these assumed wire rope motions could have occurred without ir
the Helper.

In summary, based on the Helper’s report of both his and the Operator’s position, and the fact that the

was not injured, the wire rope and shackle/eyebolt end did not fly through the “line of flight zone” to strik
Operator. Therefore, the tong handle must have struck the Operator.
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then called the site emergency telephone number usihg
his cellular telephone. This call was placed at 9:44 A.M
approximately four minutes after the accident, and resulted
in Fermilab emergency personnel arriving at the scenelat
9:45 A.M. and the Fermilab ambulance arriving a
9:48 A.M.

Based on their initial assessment of the Operator|s
head injuries, the first Fermilab firefighters/emergenc
medical technicians (EMTs) arriving at the scen
requested the aid of Tri-City Ambulance Service. (Th
laboratory had contracted with Tri-City Ambulance
Service for advanced life support ambulance service,)
Paramedics from the town of Geneva responded. The
Fermilab fire department established incident command
at 9:48 A.M., immediately outside the job site on Gies
Road. The Geneva advanced life support ambulan¢e
arrived at the accident scene at 9:57 A.M. Initial repor
indicated that the Operator’s breathing was irregular, that
he was not responsive, and that four EMTs were required
to restrain and immobilize him as he regaine
consciousness.

At10:15 A.M., the Geneva ambulance left the scen
and transported the Operator to the Delnor Communi
Hospital for emergency care. A Fermilab firefighter
EMT drove the ambulance, enabling the two Gene
paramedics to continue rendering assistance to the
Operator. He was transported to Delnor Communi
Hospital, where he was admitted and evaluated.

At the hospital, medical diagnosis determined that
the Operator had sustained a frontal skull fracture with|a
mild to moderate brain injury consisting of a contusion o
the right frontal lobe, with swelling. He also sustained
fracture of the right jawbone and dysfunction of the righ
third cranial nerve, which controls certain eye movements.
These injuries are consistent with a blunt force type of
trauma, such as being hit by the tong handle. After he
regained consciousness, he exhibited some unsteadiness
on his feet and mild difficulties with thinking and reasonin
as a result of his injuries. He also had blurred vision and
decreased vision in the right eye. The Operator did npt
require surgery, and improved sufficiently such that o
July 2, 2001, he was transferred to a rehabilitation facility,
where he received occupational, physical, and speech
therapy.

The Board concluded that the initial emergenc
response and medical response were timely and well
coordinated.

2.3 Investigative Readiness and

Accident Scene Preservation

Shortly after the Geneva ambulance left the accident
scene with the Operator, the Incident Commander turned

custody of the scene over to a representative of the
Fermilab Facility Engineering Services Section. Control
of the accident scene was subsequently transferred to
Fermilab ES&H Section. Arrangements were then made
to clearly establish the accident scene perimeter with
yellow tape, photograph the scene, and formally institute
an access control point by posting a security guard at the
entrance to the scene. The guard was given instructions
to limit access to only authorized individuals. The guard
maintained a record of those who entered the area, their
duration at the scene, and the purpose of their visit.

OnJune 27, 2001, the Board assumed custody of the
accident scene, relinquishing control back to the FAO on
July 17, 2001. During this period, a security guard
maintained continuous access control to the accident
scene.

While the actions Fermilab took to preserve the
accident scene were commendable, three areas of
concern were noted by the Board:

(1) Potential exposure to bloodborne pathogens
Prior to establishing an access control point, Fermilab,
S. A. Healy, and Layne-Western personnel were
present at the accident scene for various purposes.
In a typical accident involving contact between a
human and equipment or machinery, it is not
uncommon to have blood at the accident scene.
Personnel visiting the accident scene could have come
in contact with bloodborne pathogens, creating an
unnecessary health risk to themselves and others they
may come in contact with.
(2) Alteration of evidence.To obtain high-quality
photographs of the failed components involved in the
accident, personnel repositioned the components.
Moreover, they degreased and cleaned the equipment
in preparation for the photographer, thereby removing
any other evidence, such as metal shavings, that might
have been of use to the Board.
(3) Removal of material The Operator’s personal
possessions were removed from the accident scene.
Later, the Board was unable to validate certain
specific testimonial information relative to his
belongings (e.g., possession of the Operator’s personal
copy of his company’s safety manual) because
personnel from his organization removed them
prematurely from the accident scene.

The Board concluded that an effective access
control system was not instituted in a timely fashion to
properly preserve the accident scene.




Accident Facts and Analysis

This section addresses the facts related to the
accident, along with the results of the Board’s
analysis. The Board presents this information i
terms of the ISM core functions and guiding
principles, which comprise the fundamental DOE
safety and health policies that should have beeg
incorporated into the work planning and execution

>

3.1 Physical Hazards,
Controls, and Related
Factors

3.1.1 Define the Scope of Work

Effective work execution begins with the
preparation of a well-defined scope of work that
translates the mission and requirements into terms
that those who are to accomplish the work can
clearly understand. The definition of work scope
must provide sufficient detail to support hazard
analysis and development and implementation @
controls at the task level. To fulffill its responsibilities,
line management must determine the work to b
performed and be accountable for understandin
it as completely as possible through every phas
of the work cycle. This process applied to the
NuMI Tunnels and Halls construction project and
the associated Layne-Western shaft drilling
operations. The scope of the construction project,
including shatft drilling operations, was defined in a
series of tiered documents. These documents,
summarized below, included the Project Execution
Plan, the NuMI Project Management Plan, the
Fermilab-S. A. Healy contract, the S. A. Healy
work plan, and Layne-Western “job letters.”

The Project Execution Plan dated February
1999 described the mission needs and justificatio
for the NuMI Project, its objectives and scope, the
DOE project management structure, and thg
resource plan. DOE prepared the Project
Execution Plan and the Director, Office of Energy
Research, the predecessor organization to the
Office of Science, approved the plan, which
constituted Critical Decision number one in
accordance with DOE Order 430.1kife Cycle
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Asset Managemerand the Joint Program Office
Direction on Project Management. Discussion of
ES&H requirements in this plan was limited to
references to the NuMI Environmental
Assessment, excerpts from the subsequent Finding
of No Significant Impact related to the
Environmental Assessment, and a reference to the
NuMI Preliminary Safety Assessment Document.

The Project Management Plan dated March 8,
1999, set forth the plans, organizations, and
management systems to be used by Fermilab and
DOE to manage the NuMI Project. The Fermilab
NuMI Project Manager prepared the NuMI
Project Management Plan, which complemented
the Project Execution Plan and indicated that
project management would be conducted in
conformance with DOE Order 430.1A and the
Joint Program Office Direction on Project
Management. The Project Management Plan was
prepared by Fermilab for approval by DOE. While
it was approved by the FAO, the DOE Office of
Science indicated “approved provisionally —
pending peer review.” At the time of the accident,
this document remained provisionally approved by
the Office of Science, and did not reflect the
current site organizational structure or operations.

The Project Management Plan indicated that
design, construction, operation, and
decommissioning operations would be performed
in compliance with the FESHM standards and all
applicable ES&H standards in the work smart
standards set. However, the document made
minimal reference to construction safety.

The S. A. Healy contract with Fermilab for
the NuMI Tunnels and Halls Project, dated
February 11, 2000, described the scope of work
associated with shaft excavation. The scope of
work provided the general technical requirements
and established the applicable American Society
for Testing and Materials, the American Welding
Society, the American Water Works Association,
and OSHA standards—specifically the U. S. Code
of Federal Regulations 29 CFR 1926, Subpart S
(Underground Construction, Caissons, Cofferdam,
and Compressed Air) and Subpart U (Blasting and
Use of Explosives).




In August 2000, S. A. Healy submitted a “Work Pla
for the Drilling of the Vent Shafts and Survey Riser
(Submittal No. 42)" in accordance with its contract with
Fermilab. The submittal identified Layne-Western as th
subcontractor for the ventilation shafts and survey riserg,
and established the work progression for the task. |It
included a basic outline of the drilling methods and outline
the environmental precautions that would be taken at the
EAV-2 and EAV-3 job site. The work plan referenced
the need to de-energize overhead power lines at the EA-1
and SR-2 job sites, and that the work would be completed
in compliance with OSHA requirements. The work plan
did not address the management of S. A. Heal
subcontractors, nor was this required by the Fermilaly
S. A. Healy contract.

On September 9, 2000, Fermilab reviewed the worj
plan and returned it with the notation “Approved as Noted:
Resubmit,” with comments concerning extending the
gravel base at the EAV-2/EAV-3 job site due to
environmental concerns. Fermilab approved the work
plan on November 8, 2000.

Layne-Western signed a contract with S. A. Healy
on September 13, 2000, to drill four EAV and two survey
riser shafts for the NuMI Tunnels and Halls Project
However, the construction schedule called for drilling tq
commence on August 14, 2000, and finish on Novembg
1, 2001. The contract required Layne-Western to provid
awork planto S. A. Healy 30 days before commencin
work. Among the other Layne-Western contrac
requirements were:
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“Take all precautionary measures in protection of th
environment and surrounding areas from impact due
to their work.”
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» “Attend all required Safety Orientations (conducted
by Fermilab and by the contractor) prior to
commencement of work.”

* “Provide a hazard analysis plan for work that they wil
be performing and all of their employees shall sign the
plan to acknowledge that they have read angd
understand the plan.”

» “State the name of the person that will be designats
as their ‘Competent Person’ prior to commencemer
of the work. The Competent Person shall be at th
work site whenever there is work in progress by th
Subcontractor.”
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A Layne-Western job letter dated September 15
2000, provided work instructions to the Operator ang
identified the Operator as the “Competent Person.” 